Experimental Methods

Drosophila stocks, transgenics, and injury Protocol
The following Drosophila strains were used in this study: OR22a-Gal4; dMP2-Gal4 (14) ; pUAST-mCD8::GFP; pUAST-nSynaptobrevin::GFP; 201y-Gal4; FRT2A/FRT82B; GMR-hid; Ubi-GFP::nls; FRT2A, tub-Gal80; ey-flp; usp 2 (Tp(3;1)KA21); Ect4-Gal4 (Drosophila Genetic Resource Center); and the 3(L) Deficiency Kit (all from Bloomington Stock Center unless noted). Mutants listed in Supplementary Table 1 are all from Bloomington Stock Center or generous gifts from: E. Baehrecke; E. Arama; R. Tanguay; M. Guo; N. Tapon; and K. McCall. Lethal mutants were recombined onto a chromosome harboring a flippase recognition target (FRT) sequence and screened using MARCM clonal analysis with ey-flp. To establish mutant stocks for screening, we used the mutagen ethyl methane sulfonate (EMS) and established ~2000 individual third chromosome F 2 mutant stocks containing FRT sites on both chromosomal arms (2A and 82B). We induced antennal injury using a modification of a previously described protocol (23) . Adult flies were aged for 7 days at 25°C after ablating the right third antennal segment only. Both antennae were ablated for synaptic preservation studies, as ORNs from each antenna synapse on both glomeruli. Injured flies were aged at 25°C for the indicated time (7, 30 , or 50 days) before dissecting and fixing the brain. Axonal integrity was scored as previously described (23, 24) .
Cloning
The first 630-4828 nucleotides of the partial dsarm cDNA GH07037 (DGRC) was cloned into the pCashsp40-LacZ vector with BglII/XhoI. The remaining sequence was obtained by PCR amplifying a fragment from cDNA IP03452 (DGRC) using 5ʼECT4-D NotI (ATATATATGCGGCCGCAAAACATGGGCAATCGTTTGAGCGGC) and PM001 (CGTTAGAACGCGGCTACAAT), then cut with NotI/BglII and ligated into the pCashsp40-LacZ vector. The resulting full length dsarm was then PCR amplified off the pCashsp40-LacZ vector using the above 5ʼECT4-D NotI and 3ʼ Ect4-D aa1610-1637 (AGATACTCGAGTTACCAAAATATCATGCGCCCGGCATTGGGGGAGGTGGCC TTGGACAGAATGATGCCCGAAAGTTCCTCGTCCTCCATTTCGTTGTTTTTTAT CAGCGAGCGGACCTTCTTCATCG), cut with NotI/XhoI, and ligated into pUAST vector (generating pUASt-dsarm). pUASt-dsarm::GFP was generated by cloning into the NotI/SpeI sites of pUASt-CT EGFP with PCR-amplification off the pUAStdsarm construct using 5ʼECT4-D NotI and 3ʼ ECT4-D SpeI (GATCACTAGTCCAAAATATCATGCGCCCGGCATTGG).
The mito-tagRFP construct was created by PCR amplification of the mitochondrial targeting sequence (aa 1-24) of Mus musculus cytochrome c oxidase subunit VIIIb (GenBank AK003116) and insertion into the MCS of the pTagRFP-N vector (Evrogen).
Drosophila immunohistochemistry
Eye-imaginal discs from third instar larvae were dissected and TUNEL stained using In Situ Cell Death Detection Kit (Roche) as previous described (25) . Embryos expressing dMP2-Gal4, UAS-mCD8::GFP were fixed as previously described (14) . 1 st instar larvae expressing dMP2-Gal4, UAS-mCD8::GFP were imaged live. Whole brains from either pre-pupae or pupae 18 hrs APF were dissected and staining with anti-FasII as described (12) . Embryos from yw or mutant stocks were fixed and staining with anti-FasII as preciously described . Fas II antibody was used at a 1:10 dilution (Developmental Studies Hybridoma Bank). For dsarm rescue experiments, 22aGal4 was recombined with UASdsarm using standard fly techniques, and MARCM clones were generated using a line containing ey-flp, UAS-mCD8::GFP. Tdc-Gal4 neurons were imaged using a live fillet preparation (26) . Secondary antibodies were obtained from Jackson Immunolabs and used at 1:200.
Drosophila confocal microscopy
Samples were mounted in Vectashield antifade reagent and viewed on a III Everest Spinning disk confocal microscope. The entire antennal lobe was imaged in 0.27 μm steps for each sample for scoring axonal integrity. TUNELstained eye-imaginal discs were imaged on a Zeiss LSM5 Pascal confocal microscope.
Drosophila sequencing
We utilized next-generation sequencing technology to re-sequence the entire genome of each mutant (along with our unmutagenized control line) to an average read depth of 70x. We identified between ~92,000 and ~140,000 variants, with ~14,000 to ~20,000 of these being non-synonymous or splice site changes genome wide. By filtering these variants for unique and coding changing lesions, only six genes were shared genome-wide among all three mutants (Supplementary Table 3 ). Since we sequenced heterozygous adult animals, we then narrowed these criteria to heterozygous and non-synonymous or splice site changes on chromosome 3L.
Drosophila in situs
Standard methods were used for collection, fixation, and immunohistochemistry of Drosophila yw animals. dSARM cDNA corresponding to exon 5 in dsarm transcript RD was PCR-cloned into pCRII (Invitrogen). Digoxigenin-labeled RNA probes were generated according to the manufacturer's instructions (Roche). RNA in situ hybridization to embryos was carried out as described previously (27) . Third-instar larvae were decapitated in 1× PBS and fixed in 9% formaldehyde in PBS for 45 mins. Larval heads were hybridized in hybridization buffer (50% formamide, 5X SSC, 5X Denhardts, 250 ug/ml yeast tRNA, 500 ug/ml herring sperm DNA, 50 ug/ml heparin, 2.5 mM EDTA, and 0.1% Tween-20). Adult heads were decapitated on CO 2 and transferred to plastic embedding molds containing Tissue-Tek OCT. The samples were frozen on dry ice, and 15 μm frozen sections were processed for in situ hybridization as previously described (28), with digoxigenin-labeled riboprobes and detected with TSA-Plus Fluorescein System (Perkin Elmer). Anti-digoxigenin-POD was diluted 1:500 (Roche).
Antibodies and reagents for mammalian studies
Antibodies used in this study were: mouse monoclonal anti-Tau-1 (clone PC1C6, #MAB3420), and rabbit anti-neurofilament-M (#AB1987) from Millipore; rabbit monoclonal anti-b-tubulin class III (#MRB-435P), and rabbit anti-a-internexin (#PRB-572C) from Covance; mouse monoclonal anti-b-actin (clone AC-15, #A5441) from Sigma; rat monoclonal anti-CD11b (clone M1/70.15, #MCA74EL) from AbD Serotec; rabbit anti-synaptophysin (#08-0130) from Invitrogen. Monoclonal neutralizing antibody against mouse NGF was previously described (29) . Secondary detecting antibodies conjugated with indicated Alexa dyes, and Alexa-594 conjugated a-bungarotoxin were from Invitrogen. Goat serum, donkey serum, and horseradish-peroxidase conjugated donkey anti-rabbit IgG and donkey anti-mouse IgG were from Jackson ImmunoResearch. All other chemicals were from Sigma unless otherwise specified.
Neuronal cultures SCG explants were dissected from 0-2 day old pups and cultured as previously described (30) . Axons were allowed to extend for 5 days before separation from the cell body mass using a scalpel. The degeneration of the isolated axons was followed at different time points for 72 h after cut. Bright field images were acquired on a microscope (IX8I; Olympus) coupled to a digital camera (U-TV 0.5XC; Olympus) using AnalySIS software (Soft Imaging Systems GmbH, Germany). Axonal protection was quantified as described (30) . Typically an image of intact axons has a protection index (PI) value around 1. A PI around 0 occurs when axons detach from the dish. A two-way repeated measures analysis of variance (ANOVA) was used to show the difference in axonal protection between wild-type and Sarm1-/-. For dissociated SCG cultures, cells were microinjected as previously described (30) with 50ng/µl of mito-tagRFP construct. 24 hours after microinjection cultures were immunostained using 0.3µg/ml mouse monoclonal anti-Sarm1 antibody (31) and Alexa-488 secondary antibody. Cultures were visualized on an Olympus FV1000 point scanning confocal microscope using a 60x 1.35NA apochromat objective.
For cortical neuron cultures, Campenot dividers (Tyler Research) were set up in poly-D-lysine/laminin-coated 2-well chamber culture slides. On DIV 0 (Day In Vitro 0), neocortices were dissected from six E16.5 Sarm1 +/+ or Sarm1 -/-embryos, pooled, and dissociated in Hank's Balanced Salt Solution (without Ca 2+ and Mg 2+ , Invitrogen) containing 0.05 % (w/v) trypsin / EDTA at 37 o C for 10 min. After adding a final concentration of 10 % (v/v) heat-inactivated fetal bovine serum (HI-FBS), the tissues were spun down at 500 g for 3 min. The tissues were then suspended and triturated in Neurobasal / B-27 medium [Neurobasal medium supplemented with 2 % (v/v) B-27, 2 mM glutamine, 100 U/ml penicillin, and 100 mg/ml streptomycin] containing 10 % HI-FBS. The cells were plated in the cell-body compartment of Campenot dividers at a density of 2.5 x 10 5 per well. To facilitate the axotomy later, Campenot dividers were removed after 6 hours, when the cells already attached to the slides. From DIV 3, half of the culture medium was replaced every other day by fresh Neurobasal / B-27 medium containing 5 mM 5'-flourouridine and 5 mM uridine to suppress the proliferation of non-neuronal cells. On DIV 10, the cultures were subjected to axotomy.
For the dorsal root ganglion (DRG) cultures, DRGs were dissected from four E13.5 Sarm1 +/+ or Sarm1 -/-embryos on DIV 0. The explants from each embryo were individually plated in poly-D-lysine / laminin-coated 4-well chamber culture slides in F-12 / N-3 medium [Ham's F-12 medium supplemented with 40 mM glucose, 4 % (v/v) N-3 supplement, and 50 ng/ml mouse NGF]. On DIV 1, the cultures were changed to fresh F-12 / N-3 medium containing 1 μM cytosine β-D-arabinofuranoside to suppress the proliferation of non-neuronal cells. On DIV 3, the explants were subjected to either the axotomy, or the NGF deprivation with a final concentration of 50 mg/ml anti-NGF antibody.
To visualize the axons, the cultures were fixed in 4 % paraformaldehyde (w/v)/ phosphate-buffered saline (PBS) at room temperature for 30 min, followed by the permeabilization with 0.1% (v/v) Triton X-100 / PBS for 30 min. The axons were then immunostained with the indicated primary antibodies in 0.1% Triton X-100 / PBS containing 2 % (w/v) bovine serum albumin, and 2 % (v/v) goat serum at 4 o C overnight, followed by the corresponding Alexa-488 or Alexa-568 conjugated secondary antibodies. To quantify axon degeneration, the images of distal axons were taken from 2 random fields per well, and 40 to 80 singly distinguishable axons in each field were examined, with any sign of fragmentation scored as degeneration. For each time point, 4 wells of Sarm1 +/+ or Sarm1 -/-cortical neuron cultures, or the DRG explants from 4 embryos of Sarm1 +/+ or Sarm1 -/-, were included.
Mouse surgery and immunohistochemistry
All surgical and experimental procedures in mice were performed in compliance with the protocols approved by the Institutional Animal Care and Use Committee of The Rockefeller University, Cornell Weill Medical College, and The University of Massachusetts Medical School. Mice were anesthetized with isoflurane, and the skin on their right hind limb was shaved and prepared with iodine and alcohol. An incision was made between the knee and the hip joint, and the gluteal muscles were separated carefully with a pair of forceps. The sciatic nerve was transected as close to the thigh with a pair of sterile surgical scissors, and 1-to 2-mm of nerve segment was removed to prevent the regeneration of axons into the distal stump. The gluteal muscles were then brought back into their original anatomical position, and the overlying skin was re-approximated by surgical staples or sutures.
For light microscopy, the animals were euthanized at indicated time points post-surgery and nerve segments 3-6 mm distal to the lesion fixed with 4% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M PBS, pH 7.4 (72h at 4ºC). After an extensive wash in 0.1 M PBS, 2 h of postfixation (1% osmium tetroxide) and dehydration in graded ethanol and propylene oxide, nerve segments were embedded in Durcupan resin (Fluka Chemie). After polymerization for 48 h at 60ºC, transverse semithin sections (0.5µm) were cut on a Leica ultramicrotome, stained with toluidine blue and photomicrographed. To quantify survival, 500 randomly chosen axons were counted. Survival criteria were normal myelin sheaths, uniform axoplasm and intact, unswollen mitochondria. A two-tailed one sample t-test was performed using GraphPad Prism 5.
For the biochemical analysis of sciatic nerves, the animals were euthanized at indicated time points post-surgery. A 10-mm segment of the nerve distal to the transection site was harvested, and immediately homogenized in 200 ml Urea / SDS buffer [50 mM Tris-Cl (pH 6.8), 8.0 M urea, 10 % (w/v) SDS, 10 mM sodium EDTA, and 50 mM DTT]. The nerve samples from two Sarm1 +/+ or Sarm1 -/-mice were processed for each time point. After heating at 95 o C for 10 min, 10-ml aliquot of each nerve homogenate was subjected to 4 -15 % gradient Tris-glycine SDS-PAGE (Bio-Rad), and transferred to Immobilon-P PVDF membranes (Millipore) for immunoblot analysis. The membranes were immunoblotted with the indicated primary antibodies, and then the corresponding secondary antibodies in PBS/Tween-20. The bound antibodies were visualized by SuperSignal chemiluminescence reagents (Pierce). All membranes were exposed to Phoenix Blue X-ray film for 5 to 10 sec.
For immunohistochemistry, the mice were lethally anesthetized at the indicated time points post-surgery, and transcardially perfused with 4 % paraformaldehyde/PBS. The sciatic nerves distal to the transection site was dissected, and post-fixed in 4 % paraformaldehyde/PBS at 4 o C overnight. After washing three times in PBS, the nerves were cryoprotected in 30 % (w/v) sucrose / PBS at 4 o C overnight, and then frozen in the 2:1 mixture of 30 % sucrose/PBS:OCT (Tissue Tek) for 12-mm longitudinal cryosections. The nerves were permeabilized in 0.5 % Triton X-100 / PBS for 1 hour, and blocked in 0.5 % Triton X-100/PBS containing 2 % bovine serum albumin, and 4 % goat serum at 4 o C overnight. Immunohistochemistry was carried out with either rabbit antineurofilament-M (1:500) or rat anti-CD11b (1:500) in the same blocking buffer at 4 o C overnight, followed by washing for 1 hour in 0.5 % Triton X-100/PBS three times. The sections were then labeled with the corresponding Alexa-488 or Alexa-568 conjugated secondary antibodies for 2 hours, washed in PBS, and mounted in fluoromount-G. Images were taken at 2-mm distal to the transection sites, and 3 nonadjacent sections of each nerve sample were examined. Four (neurofilament-M axons) or three (CD11b macrophages / monocytes) mice of Sarm1+/+ or Sarm1-/-were included per time point.
To examine denervation at neuromuscular junctions, the tibialis anterior muscles were dissected from perfused animals, and post-fixed in 1% paraformaldehyde/PBS at 4 o C overnight. After washing three times in PBS, muscles were cryoprotected in 30% sucrose/PBS at 4 o C overnight, and embedded in OCT for 80-mm longitudinal cryosections. The tissues were permeabilized in 0.5 % Triton X-100/PBS for 1 hour, and blocked in 1% Triton X-100/PBS containing 4% bovine serum albumin, and 4% donkey serum at 4 o C overnight. To label axons and neuromuscular junctions, muscles were stained with rabbit anti-neurofilament-M (1:500) and rabbit anti-synaptophysin (1:5) in the same blocking buffer at 4 o C for at least 24 hours. After washing for 1 hour in 0.5% Triton X-100/PBS three times, the muscles were incubated with Alexa-647 conjugated donkey anti-rabbit antibody (1:500) and Alexa-594 conjugated abungarotoxin (1:1000) overnight. After washing in PBS for 4 hours, sections were mounted in fluoromount-G, and imaged by LSM 510 laser scanning confocal microscope. To analyze presynaptic structures, maximum-intensity projections of z-stack images from 6 to 8 nonadjacent sections of each muscle sample were generated by AutoQuant X. Partial or full denervation was determined as the postsynaptic AChR sites not apposed by the presynaptic marker (colored in green for better visualization). About 100 neuromuscular junctions were examined for each muscle, and four Sarm1 +/+ or Sarm1 -/-mice were included per time point.
